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Trends in Fruit and Vegetable
Consumption Among Adults in

16 US States: Behavioral Risk Factor
Surveillance System, 1990—1996

Ruowei Li, MD, PhD, Mary Serdufa, MDD, MPH, Shayre Bland, MSc, Alf Meokdad, Phy,
Barbara Bowman, PhD, gnd David Neloan, MO MPF

Because fruit and vegetahle COSISUITRGion
may prevent cancer and other chronic dis-
enases,'™ the US Department of Health and
Hurnan Services established daily consurmnp-
bom of 5 servings of Fruits and vegetahles i(5-
AsLay) as a national health goal in 1990, In
1991, the National Cancer Instipue adopted
the 5-A-Day campaign as a national [year
initiative.*

Becawse of methodological changes aver
time in the dietary measurement, few studies
have evaluated trends in food CONSUMEien,
particularly that of fruits and vegetahles ™
Since 1990, the Behaviorn] Risk Factor Sup
veillance System (BRFSS) has incorporated a
brief module for fruit and vegetable COnSuEmp-
tion, which provides 2 Unigue opportunity Lo
CXaming recent tremis,

In this study, we examined trends in fruje
and vegetable consumption from 1990 to 1995
armang adults in 16 US sites. In addition, we
explored trends stratificd by sociodemo-
graphic and health-related characteristics.

Methods

The BRFSS is a continuous telephone
survey conducted by state healih depart-
ments in collaboration with the Cenlers for
[rsgase Control and Prevention. The BRFSS
eellects information from adults (18 years
ind older) on health behaviors. The design
and characteristics of the BRFSS are de-
seribed elsewhere," " A frait and wepretable
miadule wis administered by 16 states i
1990, 1994, and 1996 (Califoniz, Colorado.
Hawaii, Tdaha, Mlinegis, Towa, Eentucky,
Marvland, Mizsoun, Nebreaskn, MNew York,
North Dakota, Ohio, South Carglina, Ten-
nessee, and West Virginia)." In sach state,
interviews were conducted monthiby throiegh-
aut the year, except in Tenncssce, where, in
1900, interviews were conducted only from
January through June, Therefore, for Ten-
nessee, we incleded only those months for
all survey vears. The standard response rates
used in the BRFES were CASRO (2 formula
ceveloped by the Council of American Sur-
vey Rescarch Chrganizations) and the COOper-
ation rate (the ratio of completed interviews
to the sum of completed interviows and re-

fusals). """ The former reflects telephone
sampling efficiency and the degree of COOp-
eration among eligible persons contacied,
whereas the latter reflects only the degree of
tonperation among eligible persans con-
tacted. Among the 16 states, the median
CASRO response rite was G, 808 BRI
and 62,5% in 1990, 1994, and 1994, TESpoi-
tively, whereas the median CisReration ks
was 83,7, 81.1%, and 75.9%,

The fruit and vegetable madule con-
tained the following & questions: {1} “How
aoften do you drink fruit juices such as ornge,
grapefouil, or tomata?"” (2} “Mot Counting
Juice, hew often da you ear fraie?™ (3} “How
often do you eat green salad ¥ (4) “Homw often
k> youL el potaboes, ot mcluding french frias,
fried potatocs, or potato chips? {5} “How
often do you eat carrots?™ and (6) “Not count-
Ing earrds, potatoes, or salad, how many serv-
mgs of vegetables do vou usually eali™

s adddition to sociedemagraphic (quIes-
troms, respondents were asked whether they
bad participated in any leisure-time physical
activities in the past month, Those who an-
orered “ves”™ were asbed o list the duration
and frequency of their 2 most fraquent 2ctivi-
ties, Respondents were then categorized by
4 activily lovels: inactive; irregularly active;
regularty active, but not with intense physical
activity; or mgularly sctive with intense pinys-
ieal activity."® Respondents were also asked
about their smoking status and whether they
had ever been told by a doctor that they had
dinbetes. We used self-reported height and
weight to calculate body mass index (BMI:
weight in kilograms divided by hetght in me.
ters siquared). Three BMI categories were

Busowei LI, Mery Sendals, Ali Milodad, amd Barbera
Bowman are with the Division of Nutritian and
Paysical Activity, and Shayne Bland and David
Melsom sre with e Tivision of Adult and Commu-
nity Healch, Mational Certer for Chronio Dizease
Prevertion and Hezlih Fromation, Centers for Dis-
ease Conmol and Prevestion, Atlanis, G,

Bequests for repeings should be sect 1o Rigwe
Li, MD, FhD, Division of Natrition and Fhysical Ac-
tvity, Centers for DEscase Cantral and Prevasion
(M3 K235), 4770 Buford Hwy, NE, Atlanda, GA
0415717 (esruail fekEode. g,

Thiz brief wag accepoed Oenaber 5, 140G,
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crezted on the basis of the Word Health Oe-
ganization standard"™: norrmal weight, inehd-
ing underweight (BM1 < 25); overweight
(I = 25-25.9); and obese (BMI = 30),

EBecause abbreviated food frequency
gueslionnaires may not capture common
sources of fruit and vegetable consumption
among all racial and ethnic growpe™ we in-
cluded only African Americans and Whites,
which yielded sample gizes of 25499,
32076, and 37381 in 1990, 1994, and 1996,
ragpectively. We excloded persons who did
not report age, education, or marital status
(=382, 65%, and G640 for 1990, 1994, and
1996, respectively) and health-related chir-
acteristics (n= 1137, 1113, and 2555); those
whi disd not answer all 6 questions related to
fruit and '.-'cgq:r.ahle th:]:usumpl'inn (n= 1345,
1490, and 2317); and thoss who reporied
consuming frwits and vegetables mare than
20 times per day (n=13, 26, and 21} Our
final analvtic sample was 22402 in 1900,
IETER in 1994, and 32 04% in 1996, repre-
senting BE%, 900, and §3% of the respan-
dents inberviewed,

Becauss of the variation in telephone
woverage, in the mumber of 1elephone num-
bers and adults per houschold, and in the
number of interviews completed per chester,
sample weights wers uzed to adjust for non-
respanss and the different sclection prolabil-
ities."* ¥ To ensure comparability across
years, estimates were directly standasdized
1o the distribution of age, race, and education
of thie 1990 BRFSS population. Geometric
means were cabeulated from log-transformed

dita 1o normalize the distribution. To avoid
taking the logarithm of 2ero, we assigned
persons who reported no fruit and vegetable
consumplion a value of 0.1 times per day,
The statistical significance of the abselate
thanges in proportion was tested by f.
SUDAAN was used to take into account the
complex sample design.®!

Results

In all 3 survey years, about half of e
respondents were men (4996), Respondents
were pricominanily White (S0%:) and mar-
ried (62%). About 20% were 65 years or
obder, and about half reported at least somes
college education,

The proportion of adults who con-
sumed Fruits and vegeotables at least 5 times
per day inercased from 190% in 199 to
22 1% i 199 ane bo 22.7% in 1996 (Table 1)L
The geometric mean intake of fruits and
vegetables incressed from 3.3 times per day
i 1290 to 3.4 fimes por day in both 1994
and 1996, whereas the arthmetic mean in-
crzased from 3.7 fimes a day in 19900 3.9
timees per day in both 1994 and 1996,

Within each percentile category of the
distribution, the frequency of froit and veg-
ctable infake increased from 1990 to 1996
Hoovever, the increases were mope substin-
tial at the upper end (Table 2). For example,
ihe absahote increase in intake between 1559
arsd 1996 was (143 times per day at the 90th

percentile but 008 times per day &t the 10th
percentile. Although fruit and vegetable
consumption increased Between 1990 and
1994 in all percentile categories, there was
little change betacen 1994 and 1996,

Within each year, a higher proportion
of wornen than men consumed fruits and
vegetables at least 5 times per day in all sub-
groups, except persons with diabetes in
1996 (Table 3). The highest proportions of
both men and women who consumed fruits
ond vegetables at least 3 times per day were
those 65 years and older, Whites, college
graduates, those actively engaged in leisure-
timee physical actaty, and nonsmokers.

Amgng men, the proportien who con-
sumed fruits and vegetables at least 3 times
per day increased from 16.5% in 1990 1o
19.1% in 1996, Absolute changes varied by
subgroups, ranging from —-1.4% among
obese persons to +14.1% among persons
with diabetes. The smallest increases were
seen in indctive men (0.8%), those aged 45
to 64 vears (0.6%-0,7%:), those with a high
school education (0.1%), and obese persong
(~1.4%).

The preportion of women who con-
surmed fruits and vegetablez at least 5 times
per day increazed from 21.3% in 1990 1o
26.2% in 1996, Absolute changes ranged
from =0.1% among the obese to +8.1%
among the elderhy (65 vears and older). The
smallest increases were seen among diabet-
ics (1.7%), inactive women (1.6%6), those
aged 35 to &4 years (1,5%), and obese per-
sons (—0.1%).

TABLE 1—Standardized® Daily Consumplion of Fruits and Vegetables Behavioral Risk Factor Sunedll
(BAFSS) ;30 3E0 Veg (F¥) r survelllance System
1390 1554 1965 asu}-;i;'
Fropartion consuming FV =5 imes‘day o
Tolal popudation
Tatal sample, o 22402 26736 32048
y =5 times daily, % 19.0 (0.4)° 221 (0,4} 22T (0ud) 3.7 (0.6)
B
;’-;mﬂl sam;;'_a:. n% B534 12023 15262
mes daily, 16.5 (0.6 18.1 (0.5 1 , 0.
ot {0.6) {0.5) 8.1 [0.5) 2.5 (0.6}
Eﬂl sam;;n_ai. n% 12068 16765 18786
mes daily, 21.3 (0.8) 26.0(0.5 26205 4,
Frequensy (limes'day] of PV ntake (geomebic maan) ! 8 410
Total population 3.27 [0.02) 341 [D.02) A.A0 [y 0.13 {0.03)
mcn g. E [[gﬁ: g.g {[gﬁ 3,20 (0.03) 0160 40.04)
: k , 361 {17 (004
Fraquancy (limesday) af W intake (arithmetic mean) ey ol
Talal population .74 (0.02) 381 (0.02) 3.92 (0.02) 018 {0.03)
| hign 3.58 [0.03) 368 (0.03) 372 [0.03) 0,13 {0.04)
o Wamen 3,88 (0.03) 4. 14 {0.05) 4,12 [0.02) (s (0.04)
"Standardized to the distitution of age, race, and edusation of the 1590 BRFSS population In this study (adults in 16 US Stataz).
| The absolute difference between 1996 and 1890 (3° and ftasts show P01 for &ll the absalue difarencas),
| “Sandard erors are listed in parenthases,
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TAELE 2—Selectad Percentiles for Frequency of Fruit and Vegetable Intake® (Times/Day): Behavisral Risk Fasler
Surveillanca Syslem, 1990-1995
Percantile
10 a0 L] Fir) B0
Todal
1890 1.67 [Q.02)" 271 {0.02) F46 (0,02 4,35 (0u08) B.00 10.08)
1594 1.78 {0.02) 283 (0.02) 353 (Du2) 4.57 (0.01) B35 (0.05)
1996 1.75 {0.02) 286 (0.01) 371 (001) 4.5 ({028 .43 (0.03)
Absolite diference, 1990-1596 LELEC] 015 .25 0.2% 045
Man
1880 1.57 (0u0c) 2.48 {003 3.2% {0.02) 4.14 {0.03) 5.71 (D.0a)
1554 1.64 (0.09) 2,60 [0.02) 240 (0.0%) 4,29 (0.02) B.00 [0.07)
1836 1.64 (0.02) 2.64 (.03} 3.45 (0.02) 4.32 (0.03) 6,14 (0.08)
Absolule ditferenca, 19001056 0.0¥ 0.1% 0,16 018 D43
Wiamen
1990 1.E1 (0,03 285003 271 (003 4,56 (0.03) 511 (0,07
1904 1.5% (0.05) H.04 {0.03) 386 [002) 4 BE (0.02) B.57 (0.06)
TS5 182 {0.08) 300 (0.0 .89 (0.2 485 (0.02) .71 (0.04)
Absolube differance, 1390-1596 011 .14 LR 0.0 Q.60
*Shudy papulation cansisted of adults in 16 US siates,
“Standard emors ara listed in parentheses.

Diseussion

By 1996, 23% of adults in 16 US states
consurmed fruits and vegetables at least
& tmes per day, up from 19% in 1990, Most
of this increase occurred from 1990 w0 1904,
with only a 0.6% increase between 1994 and
1996, The upper end of the distribution ex-
periensed a larger increase, suggesting that
persans who were already consuming more
fruits and vegetables increased their con-
sumption mare than those initially consuwm.
ing fewer,

The increase in fruit and vegetable con-
surption between 1990 and 1994 observed
in this study is consistent with notional data
from the Continuing Survey of Food Intakes
by Individuals (CSFI."'? Krebs-Smith
showed that total servings of fruits and veg-
ctables increased froan 4.1 to 4.6 3-=ru'ii1$§
per day between 1959-1991 and 19941
The BRFSS study is the first mulisiate
#udy to suggest a platean in fruit and vegp-
etable intzke levels after 1994, However,
using a modified 24-hour dietary recall, the
California Dietary Practices Survey found
that the propertion of adults eating at least 5
servings of fruits and vegetables per day
was 34% i 198, 37% in 1995, and 332 in
1997~

The BRFSS fruit and vegetable module
has been compared with mare extensive
methods of distary assessment.™ The BRFSS
estimates are lower than those of 24-hour re-
callireeord, which include fruit and vegotable
intake from mixed foods. Also, becanse the
frequency (in times/day) was estimated
rather than the number of servings, the

ey 2000, Yol 81, Mo, 5

BRFS5 tends to underestimate the propor-
tions of adults meeting S-A-Day guidelines.
Drespite underestimation of absolute intake,
the observed trends are likely to reflect real
changes, assuming that biases in self-report
FEMrsain constant over ime.

Owr data indicate that compared with
men, wanen eonsumed more fruits and veg-
etahles and increased their intake more. In
contrast, 24-hour recall data from the CSFI
showed that women consumed fewer serv-
ings and increased their intake less (in
grams) than men from 19891991 o 1994-
1995."* The difference between thess stud-
ies might be explained by different dietary
asseasment methods, Men may consume
fruits and vegetables less frequenthy but eat
larger quantities each time. The gender dif-
feremee found in the BRFSS may alzo reflect
woren's greater health consciousness amd
overreporting. =+

From 1990 to 1994, the proportion of
adults who consumed fruits and vegetables
at least 5 times per day increased i all sub-
groups except the obese, among whom the
proportion declined, Although there was no
cross-sectional relationship between fruit
and vegetable consumption and BMI, the ab-
coliste increnss in the progortion of adulis
whe consumed fruits and vegetables at leas:
Ftimes per day was much higher anseng nor-
mitl-weight people than among obese peo-
ple. While the proporctien who consumed
fruits and vegetables at least 5 tmes per day
increased by a5 much as 8% among physi-
cally active women, it remained almost the
same amang bath inactive men and inactive
WOMmEN.

This study had several imitatiors. First
15 the weakness inherent in all self-reported
data, Second, the BRFSS excludes persons
without telephones, persons likely to be of
lower socioeconomic status, and persons who
mary have bower fruil and vegetable consump-
tion. "™ Third, about 5% of the respondents
did not answer all & fruit and vegetable ques-
tions and were therefore excluded from the
study, This may cause some selection bias, 2l
though the magnitude and direction of this
bias, if any, are unknown. Fourth, anly
Whites and Afncan Americans were included
in this analysis; therefore, the results cannat
be extrapolated o other races.

The proportion of US adults who con-
sumed fruits and vepetables at least 3 times
daily increased by nearly 4 percentage points
from 19590 b 19046, Although progress from
1990 to 1994 was encouraging (3. 1% in=
crcase], there was little change between 1994
ind 1996 (0.6%) increase). These data suggest
that additional effens are nesded, cspecially
among inactive and obese persons. [
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TABLE 3—S&tandardized,” Sex-Specific Proportion {3:) of Adults Consuming Fruits and Vegelables at least 5 TimesDay:
Eehavioral Risk Factor Surveillance System [BRFSS), 1980-1996

en Women
1920 1514 106 A90-DE° (%) 1980 1554 1686 AS0-56" (%)

Iﬂlﬂl 16.5{0.6)° 1B.1(0.5) 199(05  26(0.8) 213 (08) 2500050 25205  £9(0.8)

o, ¥

13-24 123018 138(1.7) 184(19) 68(26  134(1.8) 194018 20018 7524

2534 1420120 1510100 172012 30017 174N 21804} 22310} 4915

Bt 148011} WHI{1.0) 16810 21015 RA(13)  244(1.1) 246010} 3516

4554 178018  176(1.3) 184012 06018  232(1.7) 248(1.3) 257013 25(21)

5584 18.0(1.8) 185017 1B7(1.4) 07 (24) 271(28)  309(1.7} 28615 1B(E7)
) £ 233017 2FENE BS54 3223 28.7(15) 3TB(15) 36&(1.1)  &1(19)

acs

Wihile 16.8(0.7) 18206 192005  23(08  H.7{07) 26706 26605 5.1 (09)

Black 13501.8)  165{1.60 1BOQ.71  45(25) 1790170 18.2(1.3) 203014) 2422
Educatioa

«High school 125(1.8) 151{1.5 16816 4323 EA04 20T B2 2a0a

High school 16.2(1.1) 15.2 (0.8) 153 (0.9) 0.1 (1.4) 139 (1.0p 233008  22E (03 3813

Seene college 148(12) 18.2(1.1) 207{(1.1) SB(16)  H.9{11) 261(1.0) 2E8(1.0) EO[1.5)

Collage graduate 216013 222(1.9) 2350100 189018  27<4(14p 330(1) 33000 56(1.7)
Masital sfatus

Marigd 16.6(07) 18.6(0.T)  183{06 15(09) 223(08 275(0.7) =TE[0T)  ES{1.1)

Linmarried 160011 17508 1980000 S84 19,4 (08 238008) 2240070  4001.1)
Laigura-lime astivity

Regulady active, intanse 235(27)  2TA21) EMA(1E) 3E(33) 290022 A54(14) 35101.4)  &1{26)

Aeguiay active, notintense 199 (1.2)  227(L1)  238{(1.1) 39016 2902 308012 328000 7.9{1.8)

Irregularly acte 136003 153009  IETOS 2503 18.9(1.1)  235(1.0) 245(0.8) S56(1.4)

Irractive 127010 123(045)  135(08) O0E(1.3) 164 (1.1)  185(0.9) $80{0.0)  1.6{1.4)
Smoking saius

Mewar armoked T 20108 19808 22(13) 225(08) 275(04) ZFE(0.T)  51(L1)

Formarty smioked T7I(1) 196(L1) B0A{11) BO(1E)  226(14) 287(1.2) 2202  56(1.E5

Cumrantty srmoke 126 1{1.1) 134 (1.1) 8.0 (1.1) 2401.6) 1TF (2 17710 25000 28016
Ciabates

Wi B0(3G) 256035 3040500 462 T35 S1.5(28) 20(27) 1.7 (44

Mo 167 (06) 17608 186005 1908  20.0(08) 258(06) 261(05) 5.1 (0.8
Bogdy mass index;

Mesmal wigh 164008 1BF08) 212008  48(15 2007 28807 27407} 6.4 (1.0

Crvarwight 165{0.8) 171 (08) 18307 18{11) 215(13)  239(1.0) 258(10) 42(16)

Coesiny 188 (1.8} 181 (1.4) 154013 =1.4{2.2) 22E 1) Be3(|)  22F(E) 0424

“Slandardized to the distibution of age, race, and education of the 1990 BRFSS population in this study (adults in 16 US states).
“Tha aosolute dierence betwean 1996 and 1990 [ tests show P< 01 for all the absolute differances),

“Siendard emors ane listed in pargntheses,
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